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[57] ~ ABSTRACT

A pulse driver circuit for providing very high fre-
quency pulses with fast rise time to neon or gas dis-
charge lamps to thereby produce higher optical output
than is possible using conventional drivers. Gas dis-.
charge lamps have at least two states of operation. One
1s the application of breakover voltage to initiate gas
ionization which may be called the preionization state.
The second state is known as the breakdown condition
which 1s when the gas in the lamp has ionized and is
producing the optical output. The pulse driver, starts
the ionization at a relatively low breakover voltage
because of its fast rise time. The pulse driver comprises
an astable oscillator, the output of which passes through
a pulse width capacitor. The generated pulse train
drives a power driver transistor which causes current to
flow through a transformer causing a voltage to be
applied to a lamp. The power applied to the transformer
1s used in a feedback loop which provides pulse width
control to keep the current applied to the transformer
constant so that the output of the lamp is relatively
constant over a given voltage range.

21 Claims, 3 Drawing Sheets
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HIGH VOLTAGE DRIVER FOR GAS DISCHARGE
| | LAMPS

BACKGROUND OF THE INVENTION

This invention is directed to a high efficiency driver
for neon or gas discharge lamps. Present state of the art
offers two types of drivers for neon or gas discharge
lamps. One utilizes a line frequency step-up transformer
which is typically used to drive neon signs. However,
such transformers are large and expensive. The other
type of driver commonly used comprises inverters that
are based upon resonant circuit technology to step-up
the voltage. However, due to their slow rise time and
sinusoidal wave form output, resonant drivers do no
drive the lamps to their full output capability. There-
fore, in view of the lack of appropriate drivers, gas

discharge lamps are generally limited to uses such as
‘neon signs and the like.

SUMMARY OF THE INVENTION

The invented driver provides very high frequency
pulses with fast rise time to neon or gas discharge lamps
to thereby produce higher optical output than is possi-
ble using conventional drivers. This higher efficiency of
the invented driver and the higher light output of the
lamp allows gas discharge lamps to be considered as
illuminating devices, including uses for critical applica-
tions such as heliport markers, runway lights, warning
hights, hazard, and obstruction lights. Commercial prod-

ucts for such applications have one or more of the fol-
lowing attributes:

1. Open and short protection.

2. A power regulating system.

3. A current regulation system.

4. Optical feedback.

5. An output wave form which achieves instanta-
neous ionization along the entire length of the
lamp.

6. Battery protection system to prevent batteries from
discharging completely.

7. Battery status monitors.

8. Modes of operation to be continuous, flashing, or
Morse code.

9. A driver that can be adapted to various lamps.

BRIEF DESCRIPTION OF THE DRAWINGS

F1G. 1 1s a block diagram of the invention.

FIG. 2 is a schematic diagram showing a pulse driver
circuit which forms part of the invention. |

- FIG. 315 a graph showing the relative rise times and
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‘and according to a prior art driver.

FIG. 415 a schematic diagram of circuit for providing
a variable reference voltage for use by the pulise driver
circuit. |

FIG. 5 is a schematic diagram of a battery cut-off
“circuit used with the present invention.

DETAILED DESCRIPTION OF THE
INVENTION Theory of Operation

| Gas discharge lamps have at least two states of opera-

~tion. One is the application of breakover voltage to
Initiate gas ionization. The voltage across the lamp must
reach the breakover point before the gas can start to
ionize. This may be called the preionization state. The
second state 1s known as the breakdown condition. This
1s when the gas in the lamp has ionized and is producing
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the optical output. The voltage across the lamp during
the second state 1s much lower than the breakover volt-
age and it 1s this lower voltage which affects the inten-
sity of the emitted light. The energy in a preionization
pulse is expended to 10nize the gas and does not contrib-
ute to the light output. Therefore, this energy is wasted
and, therefore, results in an overall inefficiency. In this
connection, observing the behavior of drive systems
and lamps under test revealed the cause of inefficiencies
in conventional drivers. Specifically, both step-up trans-
formers and resonant drivers have slow rise times re-
quiring high breakover voltage. Therefore, conven-
tional drivers must be designed to provide the high
voltage needed to reach the breakover voltage or pre-
ionization state. The energy required by a preionization
pulse can be calculated by:

Ei=}CV*

where E1is energy in Joules/pulse, C is the capacitance
of the output circuit plus the capacitance of the lamp,
and v is the breakover voltage. This energy does not
contribute to the hght output since it is dissipated and 1s
used only to start up the ionization of the gas.

The present invention, in contrast, starts the ioniza-
tion at a much lower breakover voltage because of its
fast rise time. This is in concurrence with the known
fact that switching devices such as gas filled thyratrons
breakdown at lower voltages with fast change in volt-
age dv/dt. This 1s why switching devices are specified
for a maximum dv/dt to hold off inadvertent turn-on.
Thus, the present invention uses fast rise time pulses to
reduce the breakover voltage during the preionization
state. Since the wasted energy is proportional to the
square of the voltage, a decrease in the value of break-
over voltage by one half reduces the lost energy by one
quarter.

Another disadvantage of prior art drivers which the
present invention avoids is that since prior art drivers
require a high breakover voltage, a relatively large
space 1s required between the lamp electrodes to avoid
arcing due to the high breakover voltage. Since the
invented pulse driver requires a much smaller (typically
3 times smaller) breakover voltage, the space between
the electrodes can be reduced thereby simplifying me-
chanical constraints.

DESCRIPTION OF PREFERRED EMBODIMENT

FIG. 1 1s a block diagram that describes a preferred
embodiment of the invention. The combination of the
functional elements shown as blocks in FIG. 1 are
unique although detailed circuit implementations of
each functional block may be varied without departing
from the invention as defined in the claims. Therefore,

‘the design and description of circuits at a component

level is not pertinent to the invention. However, what 1s
germane is the functional description and the specific
requirements of the elements of this invention. Follow-
ing 1s a brief description of operation of the circuit to
demonstrate the reduction-to-practice of the invention
as outlined in the previous section—Theory of Opera-
tion. .

A gas discharge lamp 11 is driven by a step-up trans-
former 13. Step-up transformer 13 is a specially de-

‘signed very low capacity and low inductance trans-

former capable of handlhing high frequency pulses of
varying widths while maintaining high breakdown volt-
age characteristics. |
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A switching device 18 drives the transformer 13 with
current pulses in a buck-boost mode. The switching
device 1s a fast switching component such as an FET, a
bipolar transistor, a combination of a bipolar transistor
and FET (BIFET), a vacuum tube thyratron, a trig-
gered spark gap, a crytron, or any switching device
capable of carrying high peak currents. In the preferred
embodiment, a high current FET (IRFZ40) is used.
Also required is a pulse train generator 19 and an enable
gate 17 which shuts off the pulse train generator 19
when the output of the enable gate is low.

Pulse width controller 21 controls the pulse width of
a generated pulse train with a 3% to 50% duty cycle. In
the preferred embodiment, pulse width controller 21 is
CMOS hexinverter (74C14) along with timing capaci-
tor. The pulse width controller uses inverters to output
a variable duty cycle pulse train. The pulse width con-
troller controls the duty cycle of the pulses generated
by pulse train generator 19 thus affecting the optical
output of the gas discharge lamp.

Pulse train generator 19 drives switching device 15
with a pulse train of pulse width modulated pulses with
sharp rise time with adequate power to drive the
switching device in a voltage saturated mode. The pulse
train generator outputs pulses of frequencies ranging
from 10 KHz to 1 MHz. The higher the frequency, the
smaller the size of the transformer 13. In the preferred
embodiment, the frequency is 40 KHz with a duty cycle
varying between 39% and 509%. 40 KHz is a value which
has been determined 1o optimize transformer losses. At
higher frequencies, the core loss, the switching loss, and
power lost in circuit capacities increases. These practi-
cal considerations indicate the best frequency- to be 40
KHz. however, use of other frequencies apply to this
invention just as well.

Pulse train generator 19 is provided with two control
inputs. One is the enabling input from enable gate 17
which enables the pulse train generator to provide
pulses to the transformer through the switching device.
The other input from pulse width controller 21 controls
the pulse width and thereby the optical output to the
gas discharge lamp 11. These inputs may be used to
provide features that have become possible due to this
invention. For example, the enabling input may be used
as a Morse code pulser, and the control input may incor-
porate an audio modulation signal generated by audio
and data modulator 22.

Pulse width controller 21 processes signals from vari-
ous sensors described below, and audio and data modu-
lator 22 to control the pulse width of the generated
pulse train to adjust the lamp output for the desired
results. For example, battery voltage sensor 23 senses
the voltage of a battery (not shown) used to operate the
circuitry as it decreases with time. Controller 21 varies
the pulse width to keep the lamp output constant at all
times by increasing the duty cycle as the battery voltage
decreases. The controller processes the signals from
several types of sensors such as an optical sensor 33,
power sensor 35, current sensor 37, battery voltage

sensor 23, high/low power control 45, as well as audio 60

and data modulator 22.

Enable gate 17 responds to the ON/OFF status of
control signals from low battery monitor 25, mode se-
lector 27 and remote controller 29. For example, lamp
11 can be triggered remotely by a radio wave transmis-
sion or a handheld optical stimulus such as an LED or
laser or even a match stick optical starter applied to an
optical actuator input to remote controller 29.
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The application of enabling and pulse width circuits
as described above to gas discharge lamp drivers are
unique to this invention. Prior art drivers such as reso-
nant circuits or 60 Hz drivers cannot provide enable and
continuously vartable hight control.

The above-mentioned sensors may optionally be in-
cluded to improve the reliability and usefulness of the
invention as follows.

Optical sensor 33 senses the light output and gener-
ates signals instructing controller 21 to control the pulse

width of the generated pulse train to achieve desired
results. There are several methods to achieve this. How-

ever, 1n the preferred embodiment, a cadmium sulfide
photo detector measures the light output from gas dis-
charge lamp 11 and feeds back a signal to controi the
light output.

Power sensor 35 measures the power through the
circuit to control the pulse width to keep power into the
circuit at a desired level. For example, in the preferred
embodiment, power sensor 38 keeps the power input
from the battery below a predetermined level, for exam-
ple 15 watts. This ensures reliability and predicts heat
sink requirements. This also limits the current during
short circuited output.

Current sensor 37 affects pulse width to adjust the
duty cycle of the pulse train to optimize the frequency
of the pulse train for the most efficient discharge rate of
the battery. For example, current sensor 37 may be used
to adjust the frequency of the pulse generator to pro-
vide the best duty cycle for variations in lamp charac-
teristics. In the preferred embodiment, the frequency is
adjusted between the range of 25 KHz to 60 KHz to
accommodate lamps requiring 12 to 60 watts of power.
In this manner, a generic basic circuit may be used to
handle a variety of lamps. -

Battery voltage sensor 23 senses battery voltage both
during ON and OFF conditions. The difference be-
tween Joaded and open circuit voltage assesses the bat-
tery status to control the pulse width and battery status
indicators 41 described below. The difference between
open circuit battery voltage Voc and battery voltage
under load VL assesses the battery charge status. This
difference in voltage generates a battery status signal
(voltage) and is applied to voltage comparators to con-
trol (a) the battery status indicators (Green, Yellow and
Red LEDs) and (b) to control the pulse width of the
driver to control the current in a fashion such that opti-
cal power output is maintained at a constant level
throughout the discharge cycle of the battery where
battery voltage 1s decreasing with time. For example, in
the preferred embodiment, a sequence of two pulses are
generated. The first pulse is initiated by the turn-on of
the driver. This pulse inhibits the lamp to light-up,
therefore there is no appreciable load on the battery.
This pulse also samples the battery voltage Voc and
stores 1t i a capacitor. The second pulse starts the gas
discharge lamp. Now the battery is loaded. The second
pulse samples the battery and registers the loaded volt-
age VL and stores it in another capacitor. Both of these
voltages are applied to two comparators to light-up the
appropriate indicating LED. The difference between
the voltages is used to estimate the status of the battery
by battery status monitor 43 which is then indicated by
indicating LEDs 41.

High/low power control 45 is manually operated by
a high/low switch 47 to select the light output. In cases
where low light output is sufficient, the low setting
increases the battery life. For example, a battery can
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operate the lamp for 6 hours at the high setting and for
10 hours at the low setting.

Battery status monitor 43 responds to battery voltage
sensor 23. Three LEDs, green, yellow and red, indicate
battery condition, for example. as follows: the green
hight indicates the battery has more than 75% charge,

the red light indicates less than 25%, and the vyellow

light indicates between 75% and 25%.

Low battery monitor 25 responds to the battery volt-
~ age sensor 23. When the battery voltage has reached a
low point (e.g., 9.8 volts), the low battery monitor dis-
ables the pulse train generator and shuts off the gas

10

discharge lamp. It also disconnects all the circuits from

the battery such that there is no further drainage of the
battery. Without this shut-off function, the battery
would discharge completely making it difficult to re-
charge, requiring many more hours than normal, thus
deteriorating the expected life of the battery.
- Mode selector 27 selects the mode of operation. In
continuous mode, the lamp is “ON” constantly. In flash-
ing mode, the lamp can be pulsed at a desired rate.
Other features such as coded pulses or Morse code
puises can also be provided. .
~ Specific circuit implementation details for audio and
data modulator 22, optical sensor 33, power sensor 35,
current sensor 37, battery voltage sensor 23, high/low
power control 43, battery status monitor 43, low battery
monitor 25, mode selector 27 and remote controller 29
are not needed for a -complete understanding of the
- mvention and such implementation details would be
readily apparent to a person skilled in the art.
Referring now to FIG. 2, the pulse train generator 19
- may be implemented using an astable oscillator 51
formed by inverter 53, resistor 55 and capacitor 57, the
output of which passes through pulse width capacitor
61 then through inverters 63 and 65. The generated
pulse train drives power driver transistor 67 which
corresponds to switching device 15 of FIG. 1 causing
current to flow through transformer 13 causing a voit-
age to be applied to lamp 11. The power applied to
transformer 13 is used in a feedback loop to transistor 69
which provides pulse width contro! on line 71 by opera-
tion of voltage reference source 73 and transistors 75
and 69. The purpose of the feedback loop is to keep the
current applied to transformer 13 constant so that the
output of lamp 11 is relatively constant over a given
voltage range. In this connection, in order to provide
the advantages of the present invention, the three in-
verters and the power driver transistor and transformer
must be capable of fast operation so as to provide a rise
time of approximately 20 nano-seconds or less to the
breakover voltage of the lamp.

The inventors are unaware of any commercially

~ available transformer which has a sufficiently low ca-

pacitance and high breakdown voltage necessary for
proper performance of the invented driver. However,
one may be easily constructed by winding the core
~using Kynar wire with a 32 gauge conductor and a 10
mil insulator. This is to be contrasted with conventional
transformer wiring such as 28 gauge copper enamel
having 2 10 mil conductor and a 2 mil insulator. In this
- connection, the typical capacitance using copper
enamel wire 1s 100 pf as compared to a capacitance of 10
pf according to the present invention.

As previously noted, slow rise time pulses create
inefficiencies. However, very fast rise time pulses can
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pulse shape, the inductance and core saturation of the
transformer are optimized so as to avoid the creation of
large charging currents. This optlmlzanon may be ob-
tained as follows:

1. The total inductance at the primary should be less
than approximately 3 microhenries;

2. The primary d.c. resistance should be less than
approximately 50 milliohms;

3. The primary circuit should have less than approxi-
mately 0.3 turns/volt.

4. Transformer comprising of no more than one pri-
mary and only center tapped secondary;

5. The transformer should have a single winding with
taps to operate as an autoformer;

6. The capacitance of the secondary winding shouid
be less than approximately 10 pf.

7. The secondary winding should use a thick insulat-
ing material such as Kynar wire, such that the diameter
of the insulator portion of the wire is approximately two
times the diameter of the conductor portion of the wire.

Typically, the number of primary windings for 12
volt operation is less than 6 turns and the number of
turns 1n the secondary 1s less than 300 turns. Finally, in
the preferred embodiment the core is made up of ferrite
material such as made by the TDK corporation model

PQ 26/20.

FIG. 3 tllustrates the concepts of the present inven-
tion in graphical form which shows a pulse having a fast
rise time with a breakover voltage of 2 Kv which is

- slightly above the breakdown voltage. By way of con-
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also be wasteful due to the creation of high peak current

to charge up stray circuit capacity. To optimize the

trast, prior art circuitry results in a slow rise time pulse
which needs a 6 Kv breakover voltage. However, the
breakdown voltage for the lamp for the slow rise time
pulse 1s the same as the breakdown voltage for the fast
rise time pulse.

It should also be noted that the reference voltage 73
can be used as an intensity control by providing a vari-
able reference voltage. In particular, as the reference
voltage decreases, the duty cycle of the pulse train is
reduced which in turn produces a lower intensity out-
put. In other words, the narrower the pulse width, the
lower the intensity of the light output, and the wider the
pulse width, the higher the intensity of the light output.

In this connection, a suitable variable reference volt-
age can be produced by the circuit shown in FIG. 4
comprising a zener diode 81 coupled between vss and
ground and a potentiometer 83 is coupled to the zener
diode in parallel wherein the wiper 83 of the potentiom-
eter i1s coupled to the base of transistor 75.

By implementing a neon or gas discharge lamp driver
according to the teachings of the present invention, as
compared to the prior art, there is an increase in effi-
ciency due to energy saving in preionization pulses.
Additionally, the fast rise time pulses produce spontane-
ous ionization throughout the length of the gas tube
thus producing maximum light output and reducing the
preiomzation voltage requirements thus allowing sim-
ple, lower voltage mechanical configurations.

The invented pulse driver provides an excellent and
simple intensity adjustment by changing the pulse width
or the duty cycle of the pulse train. Further, the pulse
driver as opposed to a resonant driver, has a low output
impedance, and therefore, is sufficiently non-responsive
to load characteristics of the lamp it 1s driving to allow
optimal performance from a variety of lamps without
any circuit changes. In view of the low output impe-
dance of the pulse driver and the incorporated feed-
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back, an open or short circuit of the output leads will
not cause any damage to the driver.

The invented pulse driver offers a very fast turn-on
and turn-off capability which can be used for flashing
hghts (for, e.g., Morse code or other communicating
hights), or for providing modulation by audio and data
signals for use as part of a communications system in
combination with appropriate receivers.

A turther advantage is that since intensity control
with the invented pulse driver is possible and simple,
various feedback controls can be incorporated. In this

connection, current, power, and optical feedback can be
used to stabilize the light output while the lJamp parame-

ters and environmental conditions change over time.
With proper feedback, the invented driver is able to
adjust the lamp intensity to provide constant output
with battery voltage decreasing with time or for opera-
tion over a wide temperature range.

Another feature of the present invention is shown in
FIG. 5 which is a schematic of battery voltage sensor 23
which includes a cutoff circuit which enhances the
battery life of a storage battery which might typically
be used to power the invented pulse driver circuit and
gas discharge lamp which are represented in FIG. 5 as
load 91. The storage battery is represented by battery
93. The circuit comprises voltage regulator transistor 95
which is coupled to series pass transistor 97. Zener
diodes 99 and 101 are connected in series to the base of
transistor 95 and the emitter of transistor 97 respec-
tively. The zener diodes cause the series pass transistor
97 to switch off when the voltage generated by the
battery drops below a predetermined value. This prede-
termined value is selected as the value below which the
battery would be difficult or impossible to charge. In
this manner, transistor 103 which applies current to the
gates of transistor 97 causes the transistor 97 to be
turned on and pass power from batter 93 so long as the
voltage determined by the zener diodes is greater than
the predetermined voltage. However, transistor 103
causes transistor 97 to turn off once the voltage drops
below the predetermined voltage thereby preventing
further power drain from the battery 93.

We claim:

1. A driver circuit for providing power from a power
source to a neon or gas discharge lamp, said lamp hav-
ing a breakover voltage which generally decreases as a
function of the rise time of the pulses of a pulse train
used to 1onize the gases in the lamp, said circuit com-
prising:

a) pulse train generator means coupled to said power
source for generating a pulse train having a first
predetermined duty cycle;

b} switching device means coupled to said generator
means for providing current pulses of said pulse
train in a buck-boost mode:;

c) transformer means having a primary side coupled
to said switching device means and a secondary
side coupled to said lamp, said transformer means
for providing amplification of said pulse train,
wherein said pulse train generator means, said
switching device means and said transformer
means are adapted to provide a rise time of said
pulses of said pulse train of approximately 20 ns to
the breakover voltage of said lamp;

d) pulse width control means coupled to said pulse
train generator for controlling the duty cycle of
said pulse train to provide a second predetermined
duty cycle of said pulse train.
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2. The circuit defined by claim 1 wherein said pulse
train generator comprises an astable-oscillator means
including an inverter having a resistor coupling the
input and output of the inverter and a capacitor coupled
to the mput of said inverter wherein said first predeter-
mined duty cycle is determined by said resistor and said
capacitor coupled to the input of said inverter.

3. The circuit defined by claim 1 wherein said trans-
former means comprises:

a) transformer having primary and secondary wind-
ings made of insulated wire such that the diameter
of the insulator portion of the wire is approxi-
mately two times the diameter of the conductor
portion of the wire, and wherein,

b) the total inductance at the primary is less than
approximately 3 microhenries;

c) the primary d.c. resistance is less than approxi-
mately 50 milliohms;

d) the primary circuit has less than approximately 0.3
turns/volt.

4. The circuit defined by claim 3 wherein said trans-
former has no more than one primary, a center tapped
secondary, a single winding with taps to operate as an
autoformer, and the capacitance of the secondary wind-
ing 1s less than approximately 10 pf. |

S. The circuit defined by claim 2 wherein said switch-
Ing device means comprises a power driver transistor.

6. The circuit defined by claim 5§ wherein said pulse
width control means comprises a first transistor whose
base 1s coupled to a drain of said driver transistor,
whose collector is coupled to a capacitor and whose
emitter 1s coupled to the emitter of a second transistor,
the collector of said second transistor being coupled to
a power source and the base of said second transistor
being coupled to a reference voltage source.

7. The circuit defined by claim 6 wherein said refer-
ence voltage source is a variable reference voltage.

8. The circuit defined by claim 1 wherein said pulse
width control means is coupled to an audio and data
modulator adapted to generate a signal for modifying
said second predetermined duty cycle.

9. The circuit defined by claim 1 wherein said pulse
width control means is coupled to an optical sensor
adapted to generate a signal for modifying said second
predetermined duty cycle.

10. The circuit defined by claim 1 wherein said pulse
width control means is coupled to a power sensor
adapted to generate a signal for modifying said second
predetermined duty cycle.

11. The circuit defined by claim 1 wherein said pulse
width control means is coupled to a current sensor

. adapted to generate a signal for modifying said second

predetermined duty cycle.

12. The circuit defined by claim 1 wherein said pulse
width control means.is coupled to a battery voltage
sensor adapted to generate a signal for modifying said
second predetermined duty cycle.

13. The circuit defined by claim 1 wherein said pulse
width control means is coupled to a high/low power
control adapted to generate a signal for modifying said
second predetermined duty cycle.

14. The circuit defined by claim 2 wherein said trans-
former means comprises:

a) transformer having primary and secondary wind-
ings made of insulated wire such that the diameter
of the insulator portion of the wire is approxi-
mately two times the diameter of the conductor
portion of the wire, and wherein,
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b) the total inductance at the primary is less than

approximately 3 microhenries:

c) the primary d.c. resistance is less than approxi-

mately 50 milliohms:

d) the primary circuit has less than approximately 0.3

turns/volt. -

15. The circuit defined by claim 14 wherein said
transformer has no more than one primary, a center
tapped secondary, a single winding with taps to operate
as an autoformer, and the capacitance of the secondary
winding is less than approximately 10 pf.

16. The circuit defined by claim 2 wherein said pulse
width control means is coupled to an audio and data
modulator adapted to generate a signal for modifying
said second predetermined duty cycle.

17. The circuit defined by claim 2 wherein said pulse
‘width control means is coupled to an optical sensor
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adapted to generate a signal for modifying said second
predetermined duty cycle.

18. The circuit defined by claim 2 wherein said pulse
width control means is coupled to a power sensor
adapted to generate a signal for modifying said second
predetermined duty cycle.

19. The circuit defined by claim 2 wherein said pulse
width control means is coupled to a current sensor
adapted to generate a signal for modifying said second
predetermined duty cycle.

20. The circuit defined by claim 2 wherein said pulse
width control means is coupled to a battery voltage
sensor adapted to generate a signal for modifying said
second predetermined duty cycle.

21. The circuit defined by claim 2 wherein said pulse
width control means is coupled to a high/low power
control adapted to generate a signal for modifying said

second predetermined duty cycle.
% * ¥ ¥ *
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